Introduction
Non-marine sediments of the Otway and Strzelecki groups occurring within the Otway and Gippsland basins respectively, in southeastern Australia (Figures 1, 2) , host some of the best Lower Cretaceous fossil floras in Australia. They record a range of vegetation types preserved in a variety of depositional settings during the rifting event that fragmented eastern Gondwana. They incorporate the earliest macro-and palynofloral records of angiosperms and heterosporous ferns in Australia and show the decline of several gymnosperm groups that had previously dominated the Mesozoic floras. The Victorian Cretaceous successions incorporate important reference sections for several of the Australian Cretaceous palynostratigraphic and phytostratigraphic zones (Figure 2) . Correlation between other Australian Cretaceous deposits and the provision of age constraints on zones depends on a detailed understanding of the Victorian Cretaceous macrofloras and palynofloras.
Rich megaspore assemblages occur in the Otway and Gippsland basins but few investigations have documented their diversity. This study systematically describes megaspores obtained from the exposed portions of the Aptian succession of the Gippsland Basin and the Aptian-Albian succession of the Otway Basin. This investigation complements a previous study documenting the Neocomian macrofloras and mesofloras of the Gippsland Basin (McLoughlin et al., 2002) and, for the first time, permits an appraisal of diversity and palaeoenvironmental trends amongst heterosporous lycophytes and ferns throughout the Early Cretaceous of southeastern Australia.
Geological setting
The Gippsland and Otway basins (Figure 1 ) formed contemporaneously during the rifting of Australia from Antarctica (Lowry, 1988) . Neocomian sediments were deposited in actively subsiding grabens during the initial phase of rifting (Featherstone et al., 1991; Hegarty et al., 1986 ). An unconformity or disconformity caps the Neocomian succession in both basins ( Figure 2 ). The Barremian was an interval of tectonic readjustment during which little sediment was deposited in either basin. Further extension along Australia's southern margin and initial rifting between Australia and New Zealand during the Aptian and Albian saw an influx of volcanigenic sediments from the east. Crustal loading and subsidence during this 'sag-phase' accommodated deposition of the 'Wonthaggi Formation' in the Gippsland Basin and Eumeralla Formation in the Otway Basin (Hill et al., 1995; Bryan et al., 1997) . Unconformities capping the Otway and Strzelecki groups correspond to the opening of the Southern Ocean near the end of the Albian (Hill et al., 1995) .
The thick fluvial sequences at the base of the Gippsland and Otway basin successions were initially assigned to the Jurassic (McCoy, 1860) because of superficial similarities between their plant fossil assemblages and those of Yorkshire and the incorrectly dated Rajmahal Hills Formation, India. Medwell (1954a) tentatively suggested an Early Cretaceous age for part of the Otway Basin succession exposed near Casterton based on similarities with the floras of the Albian Styx and Burrum coal measures in Queensland and a Cretaceous age was eventually confirmed by the palynological studies of Dettmann (1963) . More recent palynostratigraphic studies (Helby et al., 1987; Morgan et al., 1995) subdivided Dettmann's (1963) original zones and improved correlation with the international chronostratigraphic stages. Upper Cretaceous strata of the Gippsland and Otway basins represent mostly marine successions and are confined to the subsurface (Douglas, 1988) .
Lower Cretaceous sedimentary rocks are widely distributed through the Otway and Gippsland basins but are exposed in only a few areas (Figure 1 ). Lower Cretaceous strata in the Gippsland Basin are assigned in their entirety to the Strzelecki Group (Medwell, 1954b ; Figure 2 ). The oldest (Neocomian) part of the succession is exposed in the Tyers district (Boola Boola State Forest), in several small areas on the Mornington Peninsula, and at Rhyll on Phillip Island. The Neocomian succession (basal Lower Foraminisporis wonthaggiensis Zone to Upper Foraminisporis wonthaggiensis Zone), reaches 600 m in thickness, is dominated by quartzose and lithic sediments, and is assigned to the Tyers River Subgroup (Tosolini et al., 1999) . The Tyers River Subgroup includes the Tyers Conglomerate, a fluvial conglomeratic unit up to 122 m thick, and the overlying siltstone-and sandstone-dominated Rintoul Creek Formation. The latter is subdivided into the Locmany Member, a richly fossiliferous, 360-m-thick unit of mixed lithologies deposited in predominantly meandering river environments, and the overlying Exalt Member, a unit >120 m thick dominated by trough cross-bedded sandstones in facies arrangements typical of braided river settings (Tosolini et al., 1999) . The Rhyll Arkose contains mainly massive or weakly cross-bedded, feldspathic granulestones and sandstones and is exposed in small areas on Phillip Island and the Mornington Peninsula (Constantine & Holdgate, 1993) . Lower Cretaceous strata of the Otway Basin are assigned to the Otway Group (Medwell, 1954a ; Figure 2 ). The Casterton Formation (uppermost Jurassic or lowermost Cretaceous) and Crayfish Subgroup (BerriasianHauterivian) represent the lowermost units of the Otway Group (Figure 2 ). They consist of fluviatile quartzose sandstones, conglomerates and minor siltstones, coals, tuffs and olivine basalt. These units are restricted to the subsurface and were not sampled for megaspores.
The upper Strzelecki Group in the Gippsland Basin contains >3000 m of feldspathic, volcanigenic sandstones, siltstones and coals and has been informally designated the 'Wonthaggi Formation' (Holdgate & McNicol, 1992; Constantine & Holdgate, 1993; Chiupka, 1996) . The unit is best exposed in the Strzelecki Ranges and along the coast between San Remo and Inverloch (Figure 3 ) but it occurs more widely in the subsurface. The 'Wonthaggi Formation' ranges from the Lower Aptian to Albian (upper part of the Lower Pilosisporites notensis to Phimopollenites pannosus zones: Dettmann & Douglas, 1988; Morgan et al., 1995) but only the Aptian part of this unit is exposed (Douglas, 1969; Wagstaff & McEwen Mason, 1989; Wagstaff et al., 1997) . The 3000-m thick Lower Aptian to Upper Albian Eumeralla Formation overlying the Crayfish Subgroup in the Otway Basin is lithologically equivalent to the 'Wonthaggi Formation' (Geological Survey of Victoria, 1995; Lavin, 1998) and was deposited in high-energy braided-river environments (Drossos, 1989; Felton, 1997a, b) . The Eumeralla Formation is exposed in the Otway Ranges, Casterton area, Barrabool Hills and the Bellarine Peninsula ( Figure  3 ). The unit is also extensively distributed in the subsurface of southwestern Victoria and southeastern South Australia.
Previous work
Investigations of Victorian Early Cretaceous floras from the late 1800s to the 1950s focused mainly on isolated assemblages or a small number of taxa. More thorough and extensive studies in recent times have included those of Douglas (1969 Douglas ( , 1973 , Drinnan & Chambers (1985 , Cantrill & Webb (1987) , Cantrill (1991 Cantrill ( , 1992 , Parris et al. (1995) and McLoughlin et al. (2002) . These studies have systematically revised the macroflora and have established a four-part biozonation of the Lower Cretaceous sediments based primarily upon the stratigraphic distribution of pteridosperm and osmundaceous fern taxa. Cookson & Dettmann (1958b , Cookson (1961) , Dettmann (1963) and Dettmann & Playford (1969) pioneered systematic and stratigraphic studies of Victorian Early Cretaceous palynofloras. Several studies since the 1960s (e.g., Dettmann, 1986; Helby et al., 1987; Wagstaff & McEwen Mason, 1989; Morgan et al., 1995; Wagstaff et al., 1997) have refined the original biostratigraphic schemes ( Figure  2 ). Only nine megaspore taxa have been recorded previously from the Victorian Lower Cretaceous (Cookson & Dettmann, 1958a, b; Dettmann, 1961 Dettmann, , 1963 Douglas, 1973) . On a global scale, there have been few studies of Cretaceous megaspores from Gondwana (e.g., Singh et al., 1964; Banerji et al., 1984; Archangelsky & Villar de Seoane, 1989 Baldoni & Batten, 1991 compared to the Northern Hemisphere (see references of Kovach, 1990) . Morgan et al. (1995) , phytostratigraphic zones of Cantrill & Webb (1987) and the southeastern Australian tectonic events of Hill et al. (1995) . The Strzelecki and Otway groups have also yielded diverse vertebrate and invertebrate assemblages over the past three decades. Most vertebrate remains, including lungfish, labyrinthodont amphibians, a plesiosaur, lepidosaurs, theropod and ornithischian dinosaurs, turtles, pterosaurs, and a tribosphenic mammal, have been obtained from channel-lag deposits of the 'Wonthaggi' and Eumeralla formations (Rich et al., 1988 Rich & Rich, 1989; Constantine et al., 1998; Warren et al., 1991 Warren et al., , 1997 ). An additional fauna recovered from lacustrine siltstones of the Koonwarra Fossil Bed in the lower 'Wonthaggi Formation' is notable for its bird feather, actinopterygian fish, mollusc, annelid, and arthropod impressions (Talent et al., 1966; Waldman, 1971; Jell & Duncan, 1986; Rich & Rich, 1989) .
Material and methods
A continuous section cannot be measured through the Lower Cretaceous succession in any area of the Gippsland and Otway basins owing to stratigraphic disruption by faulting and minor folding. Studied intervals were, therefore, strategically selected where previous palynological studies had provided biostratigraphic control (see Dettmann, 1963 Dettmann, , 1986 Douglas, 1969 Douglas, , 1973 Wagstaff & McEwen Mason, 1989; Wagstaff et al., 1997; Ferguson et al., 1999) , and where past studies had indicated palaeontologically productive successions. All samples were obtained from well-exposed successions along streams, coastal cliffs, quarries or road cuttings. Measured sections were compiled for these exposures to place the samples in a sedimentological and stratigraphic context ( Figure 3 ). Detailed graphic logs of the Gippsland Basin Neocomian succession indicating mesofossilsampling localities were provided by McLoughlin et al. (2002) . Grid references of key sample locations and measured sections are provided in the Appendix. Field sample numbers are given prefixes according to the spot locality or measured section from whence they were obtained (Figure 3) One hundred and nine samples were macerated for mesofossils (fossil remains between 200 m and 2 mm in diameter) of which 63 yielded megaspores. Samples of approximately 100-200 grams were immersed in about 50-100 ml of 48% hydrofluoric acid at roomtemperature for 3-5 days. The liberated organic matter was sieved using a 200-m, acid-resistant, nylon mesh and washed with distilled H 2 O. If at this stage the organic residue was still strongly coated by silicate particles, the residue was given an additional treatment with 48% HF for 2 days. After final sieving and washing, the organic residue was examined in a petri dish using an Olympus SZ60 dissecting microscope. Samples typically yielded 1-20 megaspores, hence an 'abundant' megaspore species was one represented by more than ten specimens, 'common' by 3-10 specimens and 'sparse' by one or two specimens per sample. Megaspores were mounted onto aluminium stubs and coated with gold for study using a Philips field emission gun scanning electron microscope. Measurements of desiccated megaspores were obtained from the SEM images rather than from hydrated specimens under the light microscope. When dry, megaspores shrink to approximately 90% of their hydrated dimensions. Morphological terminology follows the scheme outlined by Playford & Dettmann (1996) . Illustrated specimens are lodged at Museum Victoria, Melbourne and given the prefix MVP.
Systematic palynology
The megaspores identified in this study are segregated according to lycophytic or filicopsid affinities and described alphabetically according to form-genera. The suprageneric turmae applied by Potonié & Kremp (1954) , Potonié (1956) , Dettmann (1963) and Smith & Butterworth (1967) are not used herein as they have no status under the International Code of Botanical Nomenclature (Playford & Dettmann, 1996) . Additionally, the turmae system is avoided as in some cases its utilization may lead to spurious inferences of phylogenetic relationships based on unjustified taxonomic weighting of particular structural characters over others (e.g., equatorial features over exine sculpture). Neocomian megaspore assemblages from the Gippsland Basin have been recently described by McLoughlin et al. (2002) . Only species restricted to the Aptian and Albian are fully described in this paper; however, a representative illustration of each Neocomian species ( Figure 4A -P) is included to aid morphological comparisons and discussion of the stratigraphic ranges of taxa. Synonymies include only previous Australian records. Extra-Australian records for species described below have been compiled by Batten & Kovach (1990) . Distribution and abundance of the taxa within the Otway-Gippsland Basin succession are mentioned briefly in the remarks section but are represented more comprehensively in Figure  13 .
Phylum: Lycophyta Genus Ancorisporites Pant & Mishra emend Maheshwari & Tewari, 1988 Type species. Ancorisporites binaensis Pant & Mishra, 1986 ; Permian, Singrauli Coalfield, India.
Ancorisporites sp. Figure 5A -C Description. The available specimen is subcircular to subtriangular with principal diameters of 900 700 m. The laesurae and contact areas are obscured. The distal surface bears long forked processes ( Figure  5C ) separated by laevigate to micropunctate exine ( Figure 5B ). The sculptural elements are irregularly and widely spaced (generally 30-80 m apart). The processes are up to 155 m long and 36 m wide at the base tapering to 8 m near the apex where they bifurcate, producing horns measuring 12 m long and 2 m wide.
Comparison and remarks. The single available specimen is poorly preserved. The trilete mark is not distinct on the crushed specimen and its presumed distal surface is illustrated ( Figure 5A ). Ancorisporites sp. is comparable to A. binaensis Pant & Mishra, 1986 from Permian strata of the Singrauli Coalfield, Madhya Pradesh, India. Ancorisporites sp. has tapered processes that bifurcate to produce pointed horns but the apices are not as strongly recurved to form prominent anchor-shapes like those of A. binaensis. These species also differ in their spacing of ornamentation: Ancorisporites sp. has much more sparsely distributed sculptural elements than the Indian species. The single specimen of Ancorisporites sp. was recorded from the 'Wonthaggi Formation' (Figure 13 ).
Genus Bacutriletes (van der Hammen) Potonié, 1956 Type species. Bacutriletes tylotus (Harris) Potonié, 1956; Rhaetian, Greenland. Bacutriletes sp. cf. B. guttula Archangelsky & Villar de Seoane, 1991 Figures 4A, 5D-J Remarks. This species is first recorded in Neocomian strata of the Gippsland Basin and a full description (based on 12 specimens) and comparison is provided by McLoughlin et al. (2002) . This species is recorded with low abundance in three samples from the Neocomian Tyers River Subgroup (McLoughlin et al., 2002) . It is a rare component of Aptian assemblages from the 'Wonthaggi Formation', Gippsland Basin, and Albian sediments of the Eumeralla Formation, Otway Basin ( Figure 13 ).
Bacutriletes otwayensis sp. nov. Remarks. This species was described by McLoughlin et al. (2002) et al., 2002) , and is also recorded from the Eumeralla Formation (Albian) at Moonlight Head (sample MHf), in the Otway Basin ( Figure 13 ).
Banksisporites sp. B Figure 4C Remarks. This species was described by McLoughlin et al. (2002) from a single specimen recovered from the Neocomian of the Gippsland Basin and is common in two Lower Albian samples from the Eumeralla Formation, Otway Basin ( Figure 13 ).
Banksisporites sp. C Figure 7G , J Description. This spore has a subtriangular amb and is 230-525 m in equatorial diameter and around 175 m in polar diameter. Laesurae reach c. 50-75% of the spore radius ( Figure 7J ). Labrae are 40 m wide and 10 m high. Contact areas are sunken but a well-defined ridge does not mark the outer margin. The proximal and distal surfaces are laevigate ( Figure  7G ). An inner body is evident under transmitted light but no details of its morphology are available. The inner body occupies only one-third of the internal cavity. (Measurements based on four specimens.) Comparison and remarks. Although this species is based on only two well-preserved Lower Albian specimens ( Figure 13 ), its distinctive low, complex reticulate ornamentation and short, unobtrusive labrae readily segregate this form from other representatives of the genus. This species differs from Erlansonisporites confertus Tosolini (in McLoughlin et al., 2002) , by having an incompletely formed reticulum on the proximal surface, irregular crests on the muri, less elevated muri on the distal surface and irregularly shaped, small areolae. Horstisporites planatus (Marcinkiewicz) Marcinkiewicz, 1971 from the HettangianSinemurian of Bornholm, although similar to Erlansonisporites cerebrus in its irregular reticulum, is readily distinguished by the prominent ridges flanking the contact area and connecting the ends of the laesurae (Koppelhus & Batten, 1992) .
Erlansonisporites confertus Tosolini, in McLoughlin et al., 2002 Figure 4D Remarks. Erlansonisporites confertus was described by Tosolini (in McLoughlin et al., 2002) on the basis of numerous specimens from Neocomian strata of the Gippsland Basin. It is abundant in several Lower to Upper Albian samples from the Eumeralla Formation, Otway Basin ( Figure 13 ).
Derivation of name. Latin, decisum, cut off, signifying the tendency to shed the outer layer of the spore wall.
Holotype. MVP210438v, Figure 6K . Type locality, horizon and age. Devils Kitchen, sample DK27 ( Figure 3 ), Eumeralla Formation, Upper Albian, Otway Basin.
Diagnosis. Trilete, azonate, subspherical megaspores with a circular or subcircular amb. Contact areas ill-defined. Laesurae extending to margin or almost so, flanked by tall, slender labrae with irregular crests. Perispore prominently reticulate, commonly detached, the inner spore wall (exine) having a subdued reticulum. Proximal and distal ornamentation of perispore consisting of a well-developed reticulum with some muri expanded into flared or jagged extensions; areolae polygonal. Comparison and remarks. The detachable sheet of reticulate ornamentation representing the perispore is a distinctive feature of this species. Other megaspores, such as Rugotriletes costatus (Dijkstra) Potonié, 1956 from the Upper Cretaceous of Scania, have also been reported to have detachable outer wall layers (Koppelhus & Batten, 1989) . If complete detachment of the outer part of the reticulum were to occur then Erlansonisporites decisum might be misidentified with a species defined by possession of a subdued reticulum such as Horstisporites areolatus (Harris) Potonié, 1956 . A comparable example of these states of preservation may be represented in assemblages from the Lower Cretaceous Bhuj Formation of India (Banerji et al., 1984) . In those assemblages, Erlansonisporites indicus Banerji, Jana & Maheshwari, 1984 has a robust reticulum similar to Erlansonisporites decisum and is associated with forms assigned to Horstisporites areolatus that may represent examples where the perispore has been stripped away. This may also be the case for forms referred to Horstisporites sp. A by Singh et al. (1964) . Another Indian form assigned to Erlansonisporites sp. by Jana & Ghosh (1997) is closely comparable to, or conspecific with, the Australian forms on the basis of its coarse reticulum in undamaged forms. Gamerro, 1975 differs by its more regularly reticulate sculpture. Erlansonisporites decisum is sparse to common in Albian samples from the Eumeralla Formation, Otway Group, Otway Basin ( Figure 13 ).
Favososporites spinulosus
Genus Favososporites Gamerro, 1975 Type species. Favososporites spinulosus Gamerro, 1975 ; Barremian, Argentina.
Favososporites brevis Tosolini, in McLoughlin et al., 2002 Figure 4F Remarks. This species was erected by Tosolini (in McLoughlin et al., 2002) for reticulate-ornamented spores with distinctive short laesurae. Favososporites brevis is sparse in two samples from the Rintoul Creek Formation (Neocomian), Gippsland Basin. Two specimens were also recorded from Castle Cove (sample CC2d), within Early Albian strata of the Eumeralla Formation, Otway Basin.
Genus Henrisporites Potonié emend. Binda & Srivastava, 1968 Type species. Henrisporites affinis (Dijkstra) Potonié, 1956 ; ?Barremian-Aptian, England.
Henrisporites selenacte (Douglas, 1973) Diagnosis. See Douglas (1973, p. 170) .
Description. These megaspores are trilete with a subcircular to convexly triangular amb measuring 250-300 m in equatorial diameter, including a poorly developed zona that is widest in the radial areas. Straight to broadly sinuous laesurae extend to the zona. Contact areas are slightly concave and extend to the equator where they are delimited by the narrow (c. 10-20 m wide) zona ( Figure 6R ). Labrae are 20-25 m high, 10-15 m wide and are highest at the pole. They show similar ornamentation to that of the proximal and distal surfaces: spinose to baculate or slightly furcate appendages ( Figure 6P -T). Sculptural elements are 15-25 m high by 2-7 m wide with blunt to pointed or divided apices. Spacing of appendages is irregular, separation ranging between 10-35 m. The exine is laevigate to scabrate between the major sculptural elements.
Comparison and remarks. Douglas' (1973) type specimen of Triletes selenacte appears to be somewhat damaged, but it shows the marginal flange and sparse, irregularly shaped spines characteristic of the specimens described in this study. The species is reassigned to Henrisporites Potonié emend. Binda & Srivastava, 1968 based on these characters. The ornamentation of the Victorian specimens is very similar to Henrisporites undulatus (Dijkstra) Potonié, 1956 recorded from the Albian sediments of the Palermo Aike Formation, Santa Cruz Province, Argentina (Baldoni & Batten, 1997) , but the former lack a well-developed zona. This could be due to degradation; however, there is clearly some variation in zona development between the well-preserved Argentinian specimens, so the weak zona development in the Victorian specimens is not deemed to be an artefact of exine attrition. Nathorstisporites hopliticus Jung, 1958 from the Hettangian-Sinemurian of Bornholm is broadly similar to Henrisporites selenacte but has a more prominent zona and commonly more prominent spines on the contact areas (Koppelhus & Batten, 1992) . Two specimens of this species were recorded from the Upper Albian (DK17), and another of questionable identity was recovered from the Lower Albian (CC2d) of the Eumeralla Formation, Otway Basin ( Figure 13 ). Douglas (1973) Figure  8A ). This megaspore fragment is strongly iridescent under reflected light.
Comparison and remarks. The lack of a zona and the development of low muri forming an indistinct reticulum allow assignment of this broken megaspore to Horstisporites. Insufficient morphological details are preserved to assign this megaspore to any established species; however, the iridescent nature of the exine is probably produced by regularly stacked sporopollenin structural elements within the exine, a feature characteristic of sellaginellid megaspores (e.g. Hemsley et al., 1992; Collinson et al., 1993) .
Genus Hughesisporites Potonié, 1956 Type species. Hughesisporites galericulatus (Dijkstra) Potonié, 1956 ; Valanginian-?Aptian, The Netherlands. Tosolini, in McLoughlin et al., 2002 Figure 4J Remarks. This species was established by Tosolini (in McLoughlin et al., 2002) based on several specimens from the upper Locmany Member and Exalt Member of the Rintoul Creek Formation (Neocomian), Gippsland Basin.
Hughesisporites australis
Hughesisporites coronatus sp. nov. Figure 8B -E Derivation of name. Latin, corona, crown, with reference to the crown-like patch of proximal sculpture when the spore is viewed in equatorial compression. Holotype. MVP210431I, Figure 8C . Type locality, horizon and age. Racecourse Steps, sample RS2r (Figure 3 ), Eumeralla Formation, Upper Albian, Otway Basin.
Diagnosis. Trilete, azonate, roughly spherical megaspores with a circular to subtriangular amb. Contact areas flat or slightly sunken and defined by the extent of well-developed ornamentation. Laesurae straight, spanning approximately two-thirds of spore radius, flanked by ill-defined labrae bearing low bacula. Proximal sculpture consisting of low bacula, verrucae and rugulae; equator and distal surface laevigate.
Description. The trilete megaspores are azonate, biconvex with a circular to subtriangular amb, 220-450 m in equatorial diameter, and 210-360 m in polar diameter. Laesurae are straight, spanning approximately 66% of the spore radius and are flanked by ill-defined labrae (10 m high 12 m wide), in some cases bearing bacula that are 10 m high and 5 m wide. In some cases, contact areas are flat to slightly sunken and delimited by a discontinuous rim of thin bacula. However, contact areas are best defined by the presence of prominent sculptural elements whereas the remainder of the spore is laevigate ( Figure 8D , E). The proximal ornamentation is dominated by rugulae, in some cases forming an incomplete reticulum, but verrucae and bacula are also present ( Figure 8B, C) . Sculptural elements are in the range 6-9 m high and 6-25 m wide with rounded apices. They are separated by 5-20 m. (Measurements based on seven specimens.)
Comparison and remarks. These Victorian specimens are comparable to Hughesisporites rugulatus Archangelsky & Villar de Seoane, 1991, described from the Baqueró Formation (?Aptian) of Argentina, but have thin bacula along the labrae and delineating the contact areas that are not present on the Argentinian specimens. Hughesisporites coronatus sp. nov. is comparable to H. singhii Banerji, Jana & Maheshwari, 1984 , described from the Bhuj Formation (Tithonian-Aptian) of western India; however, the Indian species also lacks the bacula on the labrae and margins of the contact areas, and has a less diverse range of sculptural elements on the proximal surface. Hughesisporites variabilis Dettmann, 1961 from Triassic coals of Cornwall Mine bore no. 1, Tasmania, displays comparable ornamentation but lacks bacula on the labrae and contact areas, and has sinuous laesurae in contrast to the straight laesurae of the Victorian Cretaceous specimens. Hughesisporites coronatus is sparse to common within four Albian samples from the Eumeralla Formation, Otway Group, Otway Basin ( Figure 13 ).
Hughesisporites dettmanniae sp. nov. Diagnosis. Trilete, azonate, subspherical megaspores with a circular to subcircular amb. Contact areas are sunken. Laesurae are sinuous, gradually reducing in height away from the pole, spanning approximately two-thirds of the spore radius. Labrae wrinkled, eventually giving way to rugulae and verrucae equatorially. Proximal ornamentation sculpture consists of rugulae and verrucae; distal surface laevigate, scabrate or with ill-defined verrucae.
Description. These megaspores are trilete, biconvex, with a circular to subcircular amb. The megaspores are 390-540 m in equatorial diameter but the polar diameter is unknown. Laesurae are sinuous ( Figure  8M ), especially around the pole, and span approximately 66% of the spore radius. Labrae are rugulate and measure 10 m high and 28 m wide. Contact areas are sunken. Proximal ornamentation is dominated by rugulae but also incorporates verrucae ( Figure 8N , O). Sculptural elements are in the range 2-4 m high and 7-18 m wide with rounded apices, and are separated by 2-7 m. The distal surface appears to be laevigate, scabrate or weakly verrucate. (Measurements based on three specimens.)
Comparison and remarks. Hughesisporites dettmanniae is sparse (three specimens) within three samples from Upper Albian sediments of the Eumeralla Formation, Otway Group, Otway Basin (Figure 13 ). These Victorian specimens are very similar in ornamentation and sinuous labrae to Hughesisporites variabilis Dettmann, 1961, described (Baldoni & Batten, 1997) . However, the ornamentation on the Victorian specimens does not form a distinct reticulum and is thus assigned to Hughesisporites rather than Horstisporites. Bacutriletes srivastavae described by Banerji et al. (1984) from the Lower Cretaceous Bhuj Formation of Kachchh, India, also has similar ornamentation to Hughesisporites dettmanniae but has more robust sculpture forming discrete bacula near the equator. Maexisporites meditectatus (Reinhardt) Kannegieser & Kozur, 1972 from the Triassic of Poland has broad similarities to Hughesisporites dettmanniae but has longer laesurae extending almost to the equator (Marcinkiewicz, 1992) . A single specimen from sample CC11 (lower Albian) in the present study has more coarsely rugulate-verrucate ornamentation than typical H. dettmanniae specimens ( Figure 8K, L) . It may represent a separate species but further material will be required to determine the morphological variability of these forms.
Genus Maexisporites Potonié, 1956 Type species. Maexisporites soldanellus (Dijkstra) Potonié, 1956 ; ?Berriasian-?Aptian, England.
Maexisporites sp. A Figure 4I Remarks. This species was described by McLoughlin et al. (2002) based on rare specimens from two samples derived from the Locmany and Exalt members of the Rintoul Creek Formation (Neocomian), Gippsland Basin.
Maexisporites sp. B Figure 4G Remarks. One specimen from Neocomian sediments of the Gippsland Basin was attributed to Maexisporites sp. B by McLoughlin et al. (2002) , differing from Maexisporites sp. A by the spore dimensions and robustness of the proximal sculptural elements. Additional specimens recovered from the Aptian and Albian sediments of the Gippsland and Otway basins appear to be conspecific with the Neocomian example but lack characters enabling assignment to any established species. The species is rare in the Neocomian and Upper Albian and rare to common in seven samples from the Aptian to Lower Albian of Victoria (Figure 13 ). Nine specimens are available. Figure 4H Remarks. This species, initially described from Neocomian strata of the Gippsland Basin (McLoughlin et al., 2002) , is closely comparable to M. patagonicus Archangelsky & Villar de Seoane, 1989 from the Lower Cretaceous of Argentina but has broader radial extensions on the zona and in some cases a less strongly developed reticulate ornamentation. Forms attributable to Minerisporites sp. cf. M. marginatus from the Upper Aptian-Lower Albian of southern Argentina (Baldoni & Batten, 1991) are also comparable to some degraded specimens in the Victorian assemblages but they tend to have a less welldeveloped reticulate ornamentation. This species is a common element in assemblages from the Locmany and Exalt members of the Rintoul Creek Formation (Neocomian), Gippsland Basin (McLoughlin et al., 2002) . It is also common in three 'Wonthaggi Formation' samples from the Gippsland Basin, and in seven Lower Albian samples from the Eumeralla Formation, Otway Basin ( Figure 13) Figure 4N Remarks. Paxillitriletes rintoulensis Tosolini (in McLoughlin et al., 2002) , is abundant within siltstone facies of the Locmany Member but rare in the Exalt Member of the Rintoul Creek Formation (Neocomian), Gippsland Basin. It is also sparse in two Lower Albian samples from the Eumeralla Formation, Otway Basin (Figure 13 ).
Genus Ricinospora Bergad, 1978 Type species. Ricinospora cryptoreticulata Bergad, 1978;  Maastrichtian, North Dakota, USA.
Ricinospora sp. Figure 7E , F Description. A single trilete megaspore with circular amb measuring 340 m in equatorial diameter is assigned to open nomenclature. The laesurae extend about 66% of the spore radius and are flanked by broad labrae measuring 12.5 m high and 25 m wide. Only the proximal surface was examined by scanning electron microscopy and it is characterized by very fine, densely packed hirsute to vermiform sculpture forming a fine, low indumentum over the exine ( Figure 7E, F) . Fine sculptural elements also encroach on the labrae but tend to be less pronounced than on other parts of the spore. Contact areas are indistinct and curvaturae are absent.
Comparison and remarks. Echitriletes sp. from the Upper Cretaceous of southern Sweden (Koppelhus & Batten, 1989 ) also has dense, short, sculptural elements but these are more pointed (echinate) than the rounded and complexly intergrown elements in the Victorian Ricinospora sp. In this respect, the Victorian Ricinospora specimen is similar to Ricinospora sp. of Koppelhus & Batten (1989) Remarks. Tosolini (in McLoughlin et al., 2002) established this species based on Neocomian specimens from the Gippsland Basin. It is differentiated from other representatives of the genus by its incompletely developed radial exine ridges, more subdued ornamentation, much shorter laesurae and by the presence of curvaturae. This is a rare species presently known only from two samples from the Locmany Member, Description. Megaspores are trilete, azonate, biconvex with a circular to convexly subtriangular amb. Equatorial diameter ranges from 190-270 m but the polar diameter is unknown. The laesurae are straight, or in some cases broadly sinuous, extending almost to the equator. Labrae dimensions are 8-12 m wide and 15-18 m high. Contact areas are slightly sunken but are not sharply delineated ( Figure 8F ). Proximal sculptural elements vary from verrucae to rugulae near the pole to ridges that are positioned perpendicular to the equator ( Figure 8G-I ). An incomplete reticulum is developed at the equator. Radial ridges may reach 90 m long, 12 m wide and in some cases may extend from the equator to the proximal pole. Other sculptural elements have dimensions of 4-7 m wide by 6-10 m high and are spaced 4-20 m apart. Apices of sculptural elements vary from rounded to slightly conical. The distal ornamentation is unknown.
Comparison and remarks. The Victorian specimens closely match the morphology of specimens assigned to Striatriletes sulcatus (Dijkstra) Potonié, 1956 from the Lower Cretaceous of Denmark (Koppelhus & Batten, 1992) , northern Germany (Batten, 1995) and Argentina (Baldoni & Batten, 1997) although the Australian forms may have more variable development of the radial ridges. The similarities are considered to be sufficient to warrant assignment to the same species despite their wide geographic distribution. Striatriletes sulcatus differs from the Victorian Neocomian Striatriletes imperfectus by its more completely developed radial ornamentation on the proximal surface and its lack of well-developed curvaturae ridges. This species is a sparse element (four specimens) in two samples from Upper Albian sediments of the Eumeralla Formation, Otway Basin ( Figure 13 ).
Genus Tenellisporites Potonié, 1956
Type species. Tenellisporites tenellus (Dijkstra) Potonié, 1956 ; Santonian, The Netherlands.
Tenellisporites sp. Figure 8J Description. This taxon is represented by a single fragment that appears to derive from a trilete megaspore, probably with a circular amb roughly 350 m in equatorial diameter. The proximal surface is degraded but the contact areas were apparently laevigate. A prominent uniseriate file of spines surrounds the contact areas ( Figure 8J ). Spines form a continuous rank along the labrae and along a crescentic curvatura linking the equatorial ends of the labrae. Spines are 35-75 m in length and are 10-15 m wide at the base, tapering to 1-4 m at the pointed apex.
Comparison and remarks. This single, poorly preserved megaspore fragment from the mid-Albian of the Eumeralla Formation, Otway Basin, is distinguished from all other taxa in the Victorian Cretaceous assemblages by the prominent file of spines fringing each contact area, a feature characteristic of Tenellisporites Potonié, 1956 . The Victorian specimen may lack additional surface ornamentation due to physical or chemical degradation but it is comparable to an example of the type species illustrated by Batten (1988, pl. 12, fig. 8 ). The latter specimen is also partly obscured by adhering inorganic detritus. Tenellisporites coronatus Baldoni & Batten, 1991 from the Upper Aptian-Lower Albian of Patagonia is also closely comparable but the fragmentary Australian specimen has more subdued sculptural elements on the contact areas. In this respect the Australian forms are comparable to Tenellisporites aachenensis (Dijkstra) Potonié, 1956 from the Upper Cretaceous of the Netherlands (Batten, 1988) . However, assignment of the Australian specimen to any established species is unwarranted at present due to its incomplete preservation and lack of morphological details for the distal surface. Tenellisporites species are apparently scarce in the Southern Hemisphere but are relatively common in Triassic-Cretaceous sediments of Europe (Vangerow, 1954; Potonié, 1956; Batten, 1988; Koppelhus & Batten, 1989; Marcinkiewicz, 1992) and North America (Sweet, 1979 Remarks. Tosolini (in McLoughlin et al., 2002) erected this species for Neocomian specimens from the Gippsland Basin. Although the type species has notched radial margins (Pant & Basu, 1979) , this may be due to splitting of the exine during compression. Pant & Mishra (1986) subsequently illustrated a specimen of Trikonia lacking notches. We assign laevigate, azonate, trianguloid forms with extended radii and undifferentiated contact areas to Trikonia locmaniensis. Species previously assigned to this genus are typical of Permian and Triassic Gondwanan sediments (Pant & Basu, 1979; Pant & Mishra, 1986 ). The species is abundant within Neocomian sediments of the Locmany Member, Rintoul Creek Formation, Gippsland Basin. This long-ranging taxon was also found as a sparse component (two specimens) of an Early Albian assemblage from the Eumeralla Formation, Otway Basin (Figure 13 ).
Genus Verrutriletes van der Hammen ex Potonié emend. Binda & Srivastava, 1968 Type species. Verrutriletes compositipunctatus (Dijkstra) Potonié, 1956 ; Santonian, The Netherlands.
Verrutriletes sp. cf. V. dubius (Dijkstra) Potonié, 1956 Figure 4P Remarks. McLoughlin et al. (2002) initially recorded this species from Neocomian strata of the Gippsland Basin. It differs from European examples of V. dubius (Dijkstra) Potonié, 1956 only in that the latter have more elevated and consistent verrucate to rugulate sculpture (cf. Batten, 1988) . Verrutriletes sp. cf. V. dubius is common in samples throughout the Rintoul Creek Formation (Neocomian), Gippsland Basin, but has not been recorded higher in the southeastern Australian Lower Cretaceous succession.
Verrutriletes depressus sp. nov. Figure 7A , B, L Derivation of name. Latin, depressum, depress, signifying the depressed contact areas. Holotype. MVP210436o, Figure 7L . Type locality, horizon and age. Devils Kitchen, sample DK2 (Figure 3 ), Eumeralla Formation, Upper Albian, Otway Basin.
Diagnosis. Trilete, azonate, megaspores with a subtriangular amb, hemispherical distal surface and low pyramidal proximal surface. Laesurae slightly sinuous, extending almost to equator. Labrae are weakly verrucate or creased near the pole, equatorially joining with low, verrucate, crescentic ridge flanking sunken contact areas. Proximal surface with low verrucae or rounded mounds; distal surface laevigate or slightly undulate.
Description. These megaspores are trilete, azonate, with a subtriangular amb. Laesurae are slightly sinuous and extend to the low crescentic ridge that surrounds the sunken contact areas. Labrae are weakly verrucate or transversely grooved and measure 17 m wide by 20 m high. Megaspores measure around 190 m in polar diameter and up to 270 m in equatorial diameter. Verrucae on the proximal surface have the dimensions 8-17 m wide by 11 m high ( Figure 7A, B, L Gamerro, 1977 from the Cretaceous of Argentina approach Verrutriletes depressus sp. nov. in proximal ornamentation but the former has very discrete rounded verrucae that are in some cases reduced to sparse conae. Although only two specimens are available from two Upper Albian samples of the Eumeralla Formation (Figure 13 ), the morphology, especially of the sunken contact areas is deemed sufficiently distinctive to warrant establishment of the new species.
Verrutriletes sp. A Figure 4O Remarks. This species was recorded by McLoughlin et al. (2002) , but owing to the few available specimens and poor preservation of the proximal surface it was retained under informal nomenclature until better preserved specimens become available. The species has not been recorded in Aptian-Albian strata of the Gippsland Basin. Figure 7C , D Description. This megaspore is trilete, circular in polar view, measuring 320 m in equatorial diameter. Labrae flanking the laesurae are subdued, 17 m high, 4 m wide and extend to the equator. The contact areas are sunken ( Figure 7C ) and delimited marginally by a low, broad ridge of verrucate elements. Proximal, equatorial and distal sculptural elements consist of low verrucae reaching 22 m wide and 11 m high ( Figure 7D) . Some of the proximal ornamentation may be joined to form low rugulae arranged in a radial orientation.
Verrutriletes sp. B (iridescent type)
Comparison and remarks. The single, degraded specimen from Upper Albian sediments of the Eumeralla Formation ( Figure 13 ) was iridescent under reflected light and since it was prepared using hydrofluoric acid, this feature is not due to opalization. Iridescence probably relates to the regular stacking pattern of granular sporopollenin structural elements within the exine. The iridescence represents an interference effect created by this stacking pattern and is a feature common to many sellaginellid megaspores (Hemsley et al., 1992; Collinson et al., 1993 Comparison and remarks. This species was described by Cookson & Dettmann (1958a) from Cretaceous sediments of South Australia and New South Wales. Arcellites hexapartitus has also been recorded in the Cretaceous Wealden deposits of southern England (Dijkstra, 1951) and the Isle of Wight (Hughes, 1955; Batten et al., 1996) . The species is broadly comparable to Arcellites disciformis, described by Miner (1935) from the Netherlands, but differs by the absence of crenulations on the margins of the leaf-like proximal extensions and by having a finely granular surface between the tubular appendages (the surface of A. disciformis is pitted). The small, roughly spherical objects trapped between the peg-like extensions on the main megaspore body appear to be microspores with finely reticulate ornamentation comparable to Crybelosporites striatus (Cookson & Dettmann) Dettmann, 1963 . This type of microspore has also been found in association with Arcellites reticulatus (Cookson & Dettmann) Potter, 1963 megaspores (Cookson & Dettmann, 1958a ; this study); however, the proximal surface of the microspores attached to the megaspores are not visible, making it difficult to determine differences in the laesurae or labrae. Arcellites hexapartitus is a sparse element in samples from the upper Eumeralla Formation (Upper Albian), Otway Basin (Figure 13 ). This species is always co-fossilized with Arcellites reticulatus.
Arcellites reticulatus (Cookson & Dettmann) Potter, 1963 Figure 9I , K-N, T, J Figure 9N) . A partially detached, thinwalled inner body is evident on some broken specimens. Microspores with fine reticulate ornamentation were found within the openings of the leaf-like acrolamellae on several specimens ( Figure 9K, L) . (Measurements based on 27 specimens.)
Comparison and remarks. This species has been recorded from Lower Cretaceous subsurface sediments from South Australia, New South Wales (Dettmann, 1963) , Queensland (Barnbaum, 1976; Burger, 1980) and Victoria (Cookson & Dettmann, 1958a; Douglas, 1973) . It has been found previously in association with the microspore Crybelosporites striatus (Cookson & Dettmann, 1958a & Batten, 1986 , are also closely comparable to C. striatus. Amongst the available Victorian specimens there are two forms: one form displays plicate acrolamellae; the other smooth acrolamellae. Li Wen-ben & Batten (1986) suggested that such types should be differentiated, the former segregated as A. plicatus. However, apart from the proximal appendages, both types have very similar morphologies and the folding of the acrolamellae may be a result of desiccation or preservation at a different developmental stage. The two types are here provisionally retained in the same species. It is noteworthy, however, that although Albian specimens show the full range of morphologies, all of the oldest (Late Aptian) examples of this species appear to lack obvious plications on the acrolamellae. Arcellites megaspore wall ultrastructure differs from that of all known extant heterosporous ferns (Batten et al., 1996) , although the prominent proximal appendages suggest some affinity to the Marsileaceae. Collinson (1991) suggested that Arcellites may belong to an extinct family of heterosporous ferns. The presence of Crybelosporites striatus-type microspores associated with both A. hexapartitus and A. reticulatus suggests that such microspores have generalized features and may have been produced by a range of parent heterosporous fern species. Arcellites reticulatus was found in 27 uppermost Aptian-Upper Albian samples from the Eumeralla Formation, Otway Basin ( Figure 13 ). It is sparse within most of these assemblages but is locally abundant in samples CC2d, DK2, DK17 and DK27.
Arcellites sp. A Figure 9F -H, J
Description. The single available specimen of this species has a spherical main body and a proximal appendage composed of partially fused, foliose acrolamellae ( Figure 9H Comparison and remarks. The only previously published species morphologically comparable to this specimen is A. reticulatus. However, Arcellites sp. A differs by its smaller body size, proportionately longer neck and proximal appendage, and more compact reticulum with smaller, abutting, disk-shaped projections ( Figure 9J ). As only a single specimen of this type was recorded from one Upper Albian sample (Figure 13 ), its morphological differences from Arcellites reticulatus may be related to its stage of development; hence we retain it under open nomenclature, pending the availability of more material.
Family: Marsileaceae Genus Molaspora Schemel emend. Hall, 1963 Type species. Molaspora lobata (Dijkstra) Hall, in Hall & Peake, 1968 ; Santonian, The Netherlands.
Molaspora lobata ( Description. Trilete, subspherical megaspores with a circular amb ( Figure 9O , P). The equatorial diameter is around 270-330 m, whereas the polar diameter, including proximal extension, is 270-290 m. The proximal extension consists of six small, coiled, flange-like lobes that surround the laesurae ( Figure  9R, S) . Together, the proximal lobes form a short, twisted cone measuring 50-65 m high and 100-150 m wide at the base. This cone-shaped extension is set in a proximal depression. The exine of the main spore body is granulate (Figure 9Q ), the irregular grana having dimensions of approximately 6.5 m wide by 1.5 m high. The acrolamellae are slightly wrinkled in some cases but otherwise laevigate. (Measurements based on four specimens.)
Comparison and remarks. These Victorian Albian megaspores are indistinguishable from those described and illustrated from the Cretaceous of Europe (Dijkstra, 1949; Batten, 1988) and North America (Schemel, 1950; Hall, 1963; Sweet, 1979) . The extant heterosporous fern Regnellidium produces distinctive Molaspora-like megaspores (Hall, 1963; Batten et al., 1996) and for this reason there is little doubt that the Cretaceous forms are attributable to the Marsileaceae. Molaspora lobata apparently had a cosmopolitan distribution and ranged from the Albian to Paleocene (Kovach & Batten, 1989; Batten & Kovach, 1990) . Its widespread distribution suggests that its first appearance datum may represent a useful tool for intercontinental correlation. Only four examples of Molaspora lobata were recorded from two Upper Albian samples from the upper Eumeralla Formation, Otway Basin (Figure 13 ).
Family: uncertain Genus Balmeisporites Cookson & Dettmann, 1958 Type species. Balmeisporites holodictyus Cookson & Dettmann, 1958 ; Albian, South Australia. Cookson & Dettmann, 1958 Figure 6A Description. The spores are trilete with a circular to triangular amb, in some cases with weakly developed equatorial valvae (or more robust radial ornamentation) and a short proximal neck. In most cases the equatorial diameter is approximately 130-185 m and the polar diameter, including the proximal extension, is approximately 135-150 m. A few large forms have equatorial diameters up to 275 m and polar diameters reaching 300 m. Laesurae are difficult to define, being concealed by narrow, folded and contorted, foliose labrae. They traverse approximately 50% of the spore radius. The proximal process is relatively short (40-60 m) and consists of three micropunctate or laevigate segments, approximately 1 m wide, that may be joined or free ( Figure 6C, D) . The proximal and distal surfaces are covered by a coarse reticulum ( Figure 6A , B, E). Muri are 4-9 m high by 1.5-2 m wide with flat to rounded crests. Areolae vary from almost circular to sharply polygonal or irregular and measure 14-24 m long by 6-16 m wide. Three valvae at each radial point on the equator are characterized by much wider, more equidimensional and deeper areolae up to 75 m in diameter ( Figure 6F ). Larger forms lack, or have less well-developed, valvae and an incomplete reticulum that commonly forms radial ridges on the proximal surface ( Figure 6E ). (Measurements based on four specimens.)
Balmeisporites holodictyus
Comparison and remarks. These specimens are closely comparable to examples of Balmeisporites holodictyus Cookson & Dettmann, 1958 described from subsurface Cretaceous sediments from South Australia, New South Wales, Queensland, New Guinea and Victoria (Cookson & Dettmann, 1958a) . The species has also been recorded from the Upper Aptian-Lower Albian Kachaike Formation, Santa Cruz Province, Argentina (Baldoni & Batten, 1991) , Lower-Upper Albian of Libya (Uwins & Batten, 1988) , and from Barremian to Turonian strata of North America, Europe and China (Kovach & Batten, 1989; Batten & Kovach, 1990) . Specimens of B. holodictyus show appreciable variation in size, valvae length and development of the reticulate ornamentation; hence, it is likely that specimens 150-250 m in diameter assigned to B. platydictyos Douglas, 1973 also belong to this species. Balmeisporites-type megaspores have been found in sporangia attached to the pinnules of an apparently aquatic fern from the Cenomanian of Siberia (Krassilov & Golovneva, 1999) but the relationships of that plant to other heterosporous ferns remain unclear. Balmeisporites holodictyus was found in only two samples from the upper Eumeralla Formation (Upper Albian), Otway Basin ( Figure 13 ).
Palaeoenvironmental distribution of megaspores
Australian Early Cretaceous floras were dominated by araucarian, podocarp and cheirolepid conifers, bennettitaleans, pentoxylaleans and a range of other seedfern groups of uncertain alliance (Gould, 1975; Drinnan & Chambers, 1986; Douglas, 1994; McLoughlin, 1996; McLoughlin et al., 2002) . These plants are interpreted to have constituted the main upper-storey and mid-storey plants in the Early Cretaceous vegetation. Abundant ferns and, in some cases, equisetaleans and bryophytes, have been considered to represent the dominant elements of the lowermost vegetation stratum (Dettmann et al., 1992; Dettmann, 1994) . Lycophytes are poorly represented in the Early Cretaceous macrofloras and have generally been considered to represent a minor component of the vegetation. They are known from foliage and rhizomorphs in the Perth Basin, southwestern Australia (Walkom, 1944; McLoughlin, 1996) , Canning Basin, northwestern Australia (White, 1961; McLoughlin, 1996) , Eromanga Basin, South Australia (Glaessner & Rao, 1955; Karrfalt, 1986) and Gippsland Basin, southeastern Australia (Drinnan & Chambers, 1986; McLoughlin et al., 2002;  Figure 10D , E). However, the diverse array of megaspores identified in this study indicates that they are under-represented in the macrofloras and were probably important constituents of the lowermost vegetation stratum. Similarly, just a few specimens representing heterosporous fern macrofossils have been recorded from the Australian Cretaceous ( Figure  10A -C) yet their microspore and megaspore record indicates their presence in considerable abundance after the Late Aptian.
Megaspores are recorded in all fluvial lithofacies recognized in the Strzelecki and Otway groups except cobble-dominated channel deposits (Tosolini et al., 1999; Tosolini, 2000) . They are best represented, in terms of diversity and abundance, in massive to flatlaminated, carbonaceous siltstones and in planar to cross-laminated, rarely massive, fine-grained, sandstones with intercalated, discontinuous siltstone laminae (Figure 11 ). These facies are typical of lowenergy, clastic-rich, floodbasin mires and lakes and late-stage channel-fill and crevasse-splay deposits comparable to the Fl, Fsc, Sr and Sh facies recognized by Miall (1978) within braided river depositional tracts. Megaspores are less common in more coarse-grained, cross-stratified (higher-energy) channel deposits and in coals. These patterns are consistent throughout the Lower Cretaceous of the Gippsland and Otway basins but taxa vary in relative abundance through time.
Neocomian megaspore suites are typically dominated by Trikonia locmaniensis and Erlansonisporites confertus (Figure 12 ). Subdominant elements include Verrutriletes sp. cf. V. dubius and Paxillitriletes rintoulensis. Neocomian megaspore-rich assemblages of clastic mire, late-stage channel-fill and crevasse splay deposits are typically associated with assorted gymnosperm cuticle fragments, sparse seeds, and fine charcoal and wood fragments. Megaspores in these deposits vary from well-preserved, whole spores to degraded or crushed specimens. Megaspores Douglas (1969) . E, oblong rhizomorph with distal cluster of linear microphylls and small proximal root-like appendages, MVP210214, L1 of Douglas (1969) . Scale bar represents 10 mm for A, C-E; 1 mm for B.
preserved in other facies of this age tend to be more fragmentary and associated with a range of other plant remains: typically coarse woody debris in channel deposits; pteridosperm, conifer and fern foliage in organic-rich floodbasin deposits; and sphenophyte, fern and gymnosperm roots/rhizomes and annelid egg cases (Dictyothylakos and Burejospermum spp.) in levee deposits and palaeosols (McLoughlin et al., 2002) . The precise affinities of the Neocomian megaspores are unclear but most are probably attributable to isoetalean lycophytes since they lack the proximal appendages typical of fern megaspores and the regular sporopollenin unit stacking pattern typical of the exine of selaginellacean megaspores. Cretaceous isoetaleans were herbaceous plants with corm-like rhizomorphs rarely reaching 18 cm tall (Pigg, 1992) . Modern isoetaleans are restricted to habitats where the soil is saturated with water for at least part of the year (Bierhorst, 1971; Taylor & Hickey, 1992; Kenrick & Crane, 1997) and some occupy fully subaquatic niches (Jones & Clemesha, 1989; Schelpe & Anthony, 1986; Taylor et al., 1993; Chinnock, 1998) . Their Cretaceous relatives presumably occupied similar habitats. Although isoetalean lycophyte microphylls Figure 11 . Distribution of megaspore taxa in the Neocomian-Albian of the Gippsland and Otway basins with respect to fluvial sedimentary facies documented by Tosolini et al. (1999) and Tosolini (2000) .
are represented in numerous floodbasin sediment packages from the Tyers River Subgroup, these beds did not always yield abundant megaspores. The units richest in megaspores are commonly more sandy and lacking obvious isoetalean foliar remains. The 150-500-m-diameter megaspores represent sedimentary particles equivalent to fine-to medium-grained sand. Preferential winnowing of these mesofossils has probably resulted in accumulation of diverse megaspore suites in some low-energy sandy facies. As isoetalean foliage is a common component of leaf-rich floodbasin facies, it is likely that the megaspore-producing plants occupied habitats ranging from clastic mires to moist levees and even shallow, subaquatic, slackwater, channel-margin settings.
Megaspores have a similar facies distribution in Aptian sediments, but assemblages are dominated by Aptian-Lower Albian megaspores have undergone substantial transport and abrasion. In rare cases (e.g., Ancorisporites sp.), a taxon was recorded only within channel facies. Middle-Upper Albian megaspore-rich assemblages are characterized by an abundance of two marsileacean species (Arcellites reticulatus and A. hexapartitus) together with the lycophyte Bacutriletes sp. cf.
B. guttula.
In addition, megaspore-rich units generally contain sparse annelid egg cases, fungal remains and fragmentary conifer cuticle. Accessory lycophyte and fern megaspores are diverse (Figure 13 ). The marsileacean and lycophyte parent plants were probably derived primarily from aquatic to semiaquatic herbaceous communities of low-energy floodbasin settings. As many of the modern representatives of these plant groups are primary colonists of exposed, moist substrates, they may also have occupied moist crevasse splay lobes, levees and channel margins. Sedimentary winnowing might also explain their concentration in crevasse splay and channel sands. The observed distribution of megaspores has implications for future sampling strategies. Leaf-rich beds that might be highly productive for other palynomorphs may yield relatively few megaspores. However, sandy facies, commonly neglected during palynological sampling, may be megaspore-rich.
Biostratigraphic potential
Megaspores have not been used previously for biostratigraphy in Australia. Indeed, there have been relatively few detailed systematic studies of fossil megaspores of any age from this continent. Nevertheless, this study has revealed the existence of abundant, well-preserved and diverse Lower Cretaceous megaspores from the Gippsland and Otway basins. Significant differences in the composition of the assemblages through time suggest that megaspores potentially represent useful tools to complement existing Lower Cretaceous biostratigraphic schemes based on microspores/pollen and plant macrofossils.
Sixty-three of 109 mesofossil samples investigated from Neocomian to Albian sediments of the Gippsland and Otway basins yielded 35 megaspore taxa (Figures 12, 13) . Some taxa are clearly longranging but others have distinctive, relatively short, stratigraphic distributions (Figure 14) . The stratigraphic analysis of megaspores in this study has been limited to a preliminary investigation of assemblages from sites that have been constrained in age by previous palynological and/or macrofossil sampling (see Dettmann, 1963; Douglas, 1969; Wagstaff & McEwen Mason, 1989; Wagstaff et al., 1997; Ferguson et al., 1999) . Four broad, stratigraphically constrained assemblages are provisionally recognized based on the observed and inferred ranges of the five fern and 30 lycophyte megaspore taxa recorded herein. Each assemblage represents an informal interval or assemblage zone. Formal circumscription of the biostratigraphic zones must await more extensive sampling to corroborate the stratigraphic distribution of taxa in these and adjoining basins and to test the significance of biological events (appearances and extinctions) that define the zone boundaries.
Trikonia locmaniensis assemblage zone (informal)
This zone is delimited by the first appearance of Bacutriletes sp. cf. B. guttula (base of zone) and the first appearance of Maexisporites sp. B (top of zone: Figures  12, 14) . However, the zone is more clearly recognized by the high proportions of Trikonia locmaniensis and Paxillitriletes rintoulensis within the assemblages, although both taxa persist with low abundance into younger strata. The Trikonia locmaniensis zone is best represented by assemblages from Rintoul Creek, Tyers district, northern Gippsland Basin (between sites RC1 and RC40 of McLoughlin et al., 2002) . These sediments are referable to the Tyers Conglomerate and the Locmany and Exalt members of the Rintoul Creek Formation (Figure 12 ). The T. locmaniensis zone correlates with most of the Lower and most of the Upper Foraminisporis wonthaggiensis palynozone of Morgan et al. (1995) . The base of the T. locmaniensis zone is ill-defined as samples from the lower part of the zone host relatively sparse megaspore assemblages, samples from the base of the Tyers Conglomerate were unproductive, and megaspore suites from Upper Jurassic and basal Berriasian Australian sequences are unknown. Based on lithostratigraphic (Tosolini et al., 1999) and palynostratigraphic (Morgan et al., 1995) correlation, the T. locmaniensis zone is considered to be of Late Berriasian-Late Hauterivian age.
Maexisporites assemblage zone (informal)
This zone is poorly constrained owing to a dearth of productive samples, the low diversity of recovered assemblages, and potentially by the sparse representation of the index taxa around their first and last appearances. The base of the zone is defined by the first appearance of Maexisporites sp. B. As this taxon may be sparse, the last appearance of Hughesisporites australis could be considered to represent a rough proxy for the base of this zone. The top of the zone is defined by the first appearance of the distinctive and widespread fern megaspore Arcellites reticulatus. The zone is also characterized by the occurrence of Minerisporites sp. cf. M. patagonicus in the absence of most species diagnostic of underlying and overlying zones. Ancorisporites sp. is restricted to this zone but was recorded in only one sample, hence its complete stratigraphic distribution is probably not fully documented. Assemblages referable to this zone were recovered from the upper Exalt Member, Rintoul Creek Formation near Tyers and from coastal exposures at Eagles Nest, Gippsland, within the 'Wonthaggi Formation' of the upper Strzelecki Group (Figures 3, 12, 13 ). Further sampling in the lower part of the 'Wonthaggi Formation' (i.e., the 'San Remo Member' of Holdgate, 1993 and Wagstaff et al., 1997) will be necessary to fully document the distribution of taxa within this zone. The Maexisporites zone correlates with the uppermost part of the Upper Foraminisporis wonthaggiensis and the entire Pilosisporites notensis spore-pollen zones of Morgan et al. (1995) , suggesting a Late HauterivianLate Aptian age. 
Arcellites reticulatus interval zone (informal)
The base of this zone is marked by the oldest occurrence of Arcellites reticulatus. This distinctive fern megaspore has a wide geographic distribution (Batten & Kovach, 1990) (Figures 3, 13 ). This zone corresponds to the interval from the lower part of the Crybelosporites striatus to the lower part of the Phimopollenites pannosus spore/pollen zones of Morgan et al. (1995) . Crybelosporites striatus is the microspore inferentially associated with Arcellites reticulatus (Cookson & Dettmann, 1958a) Figures 3, 13) . The M. lobata zone roughly equates to the middle to upper parts of the Phimopollenites pannosus zone of Morgan et al. (1995) suggesting a Late Albian age.
Concluding remarks
Twenty-nine megaspore species, including six new species described under formal nomenclature, are documented from Aptian and Albian strata of the Gippsland and Otway basins, southeastern Australia. Ten of these taxa were also reported from the underlying Neocomian succession together with a further six taxa restricted to that interval (McLoughlin et al., 2002) . Megaspores are best represented in silty floodbasin facies and in interlaminated sands and silts of late stage channel fill and crevasse deposits but they are sparsely represented in most other facies represented in the predominantly fluvial Lower Cretaceous succession of the Gippsland and Otway basins. Megaspore-rich fossil assemblages maintain a relatively consistent association with lithofacies through time but the systematic composition of assemblages varies between the Neocomian and Albian. The high diversity and distinctive stratigraphic ranges of the megaspores identified in this study are significant in two respects. Firstly, they indicate a much higher level of lycophyte and heterosporous fern diversity in the Victorian Early Cretaceous than would be predicted on the basis of the macrofossil record. Secondly, they indicate that, although less abundant than microspores and pollen, megaspores are potentially useful biostratigraphic tools. Their moderate abundance (occurring in over half of all samples, with up to a few dozen specimens per 100 g of sediment) suggests that megaspores will not replace microspores, pollen and macrofossils as the principal biostratigraphic markers for Australian Lower Cretaceous, non-marine sequences. However, they may play a useful role as supplementary biostratigraphic indices where other fossils are absent for palaeoecological or taphonomic reasons.
The preliminary, megaspore-based biostratigraphic scheme presented here (Figure 14) will undoubtedly be modified as taxon ranges are better resolved by more thorough sampling elsewhere in the Australian Cretaceous succession. The present scheme is based on a broad, reconnaissance survey of the megaspore flora and zones are defined with confidence levels equivalent to the earliest microspore-and pollenbased zones (cf. Dettmann, 1963) . More extensive, systematic sampling for megaspores will, undoubtedly, permit zone refinement as it has for the palynostratigraphic schemes (cf. Morgan et al., 1995) . The megaspore biozonation presented here incorporates zones spanning 2-15 myr and provides a level of resolution similar to that of the informal macrofloral zonation scheme (Cantrill & Webb, 1987) . The abundance and diversity of taxa recorded in this study suggests that it may be possible to improve biostratigraphic resolution within other megaspore-rich sequences in Gondwana where zonations have not yet been established (e.g., in Argentina) or where assemblages have been assigned to a single broad zone (e.g., in India: Maheshwari & Tewari, 1987) .
The probable aquatic or semi-aquatic niches occupied by the Cretaceous heterosporous ferns and lycophytes make them potentially good candidates for rapid dispersal and their megaspores may, therefore, be useful for correlation over wide geographic ranges. This is supported by the identification of several megaspore taxa from southeastern Australia that are closely comparable to South American and Indian forms (cf. Banerji et al., 1984; Archangelsky & Villar de Seoane, 1989 . The diversification of fern megaspores in Albian strata of the Victorian basins is a feature consistent with records of this group from other parts of the world (Batten & Kovach, 1990) . The oldest confident records of Arcellites (A. pyriformis) are from lower Neocomian strata of the Netherlands and England (Kovach & Batten, 1989; Batten & Kovach, 1990) , suggesting relatively rapid global expansion of this group. Megaspores may thus have advantages over other, more provincial, taxa used for palynological and macrofossil zonations. Megaspores are larger, commonly better preserved and more readily processed than miospores but they are typically less abundant. Both megaspores and miospores show some facies controls but these are generally much less than for macrofossils. Furthermore, macrofossils are more prone to physical attrition during transport than megaspores. A combination of data from macrofossil, megaspore and miospore assemblages is likely to yield optimal stratigraphic controls for Australian Lower Cretaceous non-marine strata.
